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cessor, calculating in parallel indexes for bits after the prede-
termined bit, and deriving a plurality of indexes. The main
processor calculates the index for i” to (i+15)* bits of the
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transfers a result of (128*f,)modK to the index operator. The
index operator calculates an index for an (i+j+16)” bit where
j 1s an integer which satisfies O<j<7 by using an equation of
II(1+j+16)=2*I1(1+j+8)-I1(1+))+128*f,)modK where K is a
size of the input data and 1, is a coefficient calculated from K.
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APPARATUS AND METHOD FOR
GENERATING INTERLEAVER INDEX

TECHNICAL FIELD

The present invention relates to an apparatus and a method
for generating an interleaver index, and more particularly to
an apparatus and a method for generating an internal inter-
leaver index of a turbo encoder in parallel.

BACKGROUND ART

In general, the relation between an input and an output of an
internal interleaver of a turbo encoder follows the below
equation when inputs are C,, C,, C,, ... C,_, and outputs are
C,C,C,,...C,.

C'=C'ny i=0,1,2,. .. k-1

Further, indexes of an input stream and an output stream
follow the below equation.

LG )=(f, *i+f> *2)modK

FIG. 1 is a diagram illustrating an apparatus 100 for gen-
erating an internal interleaver index of a conventional turbo
encoder.

Referring to FIG. 1, the apparatus 100 for generating the
internal interleaver index of the conventional turbo encoder
includes a first multiplier 110, an adder 120, a second multi-
plier, and a divider 140.

The apparatus 100 for generating the internal interleaver
index of the conventional turbo encoder receives inputs of K,
which is a size of input data, f; and f, calculated from K, and
a value of i according to an order of bits and outputs I1(i)
satisfying

TIG)=(f, *i+f>*)modK.

The first multiplier 110 receives inputs of f, and i and
outputs a value of f,*i.

The adder 120 receives inputs of i and f,*i output through
the first multiplier 110 and outputs a value of f,*i+f].

The second multiplier 130 receives inputs of i and f,*i+f;
output through the adder 120 and outputs a value of
(£ *+F)*i.

The divider 140 receives inputs of K and (f,*i+f, )*1, per-
forms (£, *i+f))*1/K, and then outputs (f,*i+f;)*imodK cor-
responding to the remainder.

The apparatus 100 for generating the internal interleaver
index of the conventional turbo encoder outputs the index in
the unit of bits, so that the time for generating the index is
increased in proportion to the size of the input data. As a
result, the performance of the apparatus is deteriorated.

Further, there is a problem in that the apparatus 100 for
generating the internal interleaver index of the conventional
turbo encoder requires the multiplier and the divider, which
have high importance in an aspect of the hardware implemen-
tation, in order to generate the index.

DISCLOSURE OF INVENTION
Technical Problem

An aspect of the present invention provides an apparatus
and a method for generating an interleaver index, which cal-
culates indexes for following bits by using an index value
extracted for a predetermined bit of input data while gener-
ating interleaver indexes for a plurality of bits in parallel.

10

15

20

25

30

35

40

45

50

55

60

65

2

Solution to Problem

In accordance with an aspect of the present invention, there
is provided an apparatus for generating indexes of an inter-
leaver for input data, the apparatus including a main processor
for calculating an index for a predetermined bit of the input
data; and an index operator for receiving the index calculated
by the main processor, calculating in parallel indexes for bits
after the predetermined bit, and deriving a plurality of
indexes.

The main processor or the index operator may calculate the
index by using a difference between indexes.

The index for the predetermined bit may be calculated by
an equation of

II(i+1)-TI()=(f1 5, +2*f5*))modK

A modular operation may be performed using an addition
and a multiplexer.

The addition may be an addition of a dividend and a sign
inverted divisor of the modular operation, and the multiplexer
may receive inputs of a result of the addition and the dividend,
wherein the multiplexer may output the dividend when the
result of the addition is a negative number and output the
result of the addition when the result of the addition is a
positive number.

The main processor may calculate indexes for i to i+15”
bits (iis an integer equal to or larger than 0) of the input data,
and the index operator may calculate an index for an (i+j)+
16™ bit (0=j=7) by using a difference between i+j” and (i+)+
8 bits.

The main processor may calculate (128%f,)modK and
transfer the calculated (128*f,)modK to the index operator,
and the index operator may calculate an index by using an
equation of

TI(+j+16)=(2*T1(i+j+8)-TI(i+7)+128%f;)mod K

(0<j=7).

The modular operation may be performed using a first
addition, a second addition, and a multiplexer through recep-
tions of a first input, a second input, and a divisor of K.

The first addition may be an addition of the first input and
a sign inverted second input, the second addition may be an
addition of a result of the first addition and a divisor of K, and
the multiplexer receives inputs of the result of the first addi-
tion and a result of the second addition and outputs the result
of the second addition when the result of the first addition is
a negative number and outputs the result of the first addition
when the result of the first addition is a positive number.

In accordance with another aspect of the present invention,
there is provided a method of generating indexes of an inter-
leaver for input data, the method including performing a first
step by calculating an index for a predetermined bit of the
input data; and performing a second step by calculating
indexes for bits after the predetermined bit in parallel by using
the calculated index.

In the first step, a difference between indexes for bits may
be calculated by an equation of TI(i+1)-I1(1)=(f, +f,+2*f,*1)
modK and indexes for bits after the bit may be calculated
using the calculated index.

A modular operation may be performed using an addition
and a multiplexer, wherein the addition may be an addition of
a dividend and a sign inverted divisor of the modular opera-
tion, and the multiplexer may receive inputs of a result of the
addition and the dividend, wherein the multiplexer may out-
put the dividend when the result of the addition is a negative
number and output the result of the addition when the result of
the addition is a positive number.
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(128*f,)modK and indexes for i” to i+15” bits (i is an
integer equal to or larger than 0) of the input data may be
calculated in the first step, and indexes for bits from an i+16
bit may be calculated using an equation of

TI(+7+16)=(2* I1(i+j+8)-TI(i-+7)+128%f,)modK

(0<j<7) in the second step.

The modular operation may be performed using a first
addition, a second addition, and a multiplexer through recep-
tions of a first input, a second input, and a divisor of K,
wherein the first addition may be an addition of the first input
and a sign inverted second input, the second addition may be
an addition of a result of the first addition and the divisor of K,
and the multiplexer may receive inputs of the result of the first
addition and a result of the second addition and output the
result of the second addition when the result of the first
addition is a negative number and output the result of the first
addition when the result of the first addition is a positive
number.

Specific matters of other embodiments are included in the
detailed description and drawings.

Advantageous Effects of Invention

The present invention has an effect of reducing the time
spent for generating total indexes by generating indexes for a
plurality of bits in parallel.

Also, the present invention has an effect of improving the
resource efficiency and the performance in the hardware
implementation by calculating indexes for following bits
through the use of an index calculated for a predetermined bit
without the use of a multiplier and a divider.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other objects, features and advantages
of the present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings in which:

FIG.1is adiagram illustrating the apparatus for generating
the internal interleaver index of the conventional turbo
encoder.

FIG. 2 is a diagram illustrating an interleaver index gener-
ating apparatus according to an embodiment of the present
invention.

FIG. 3 is a diagram illustrating a modular circuit according
to an embodiment of the present invention.

FIG. 4 is a diagram illustrating a modular circuit according
to another embodiment of the present invention.

FIG. 5 is a diagram illustrating an interleaver index gener-
ating apparatus according to another embodiment of the
present invention.

FIG. 6 is a diagram illustrating a subsequent-index genera-
tor according to an embodiment of the present invention.

FIG. 7 is a flowchart illustrating an interleaver index gen-
erating method according to an embodiment of the present
invention.

MODE FOR THE INVENTION

The above and other objects, features and advantages of the
present invention will be more apparent from the following
detailed description taken in conjunction with the accompa-
nying drawings. While the detailed description of the present
invention has described certain exemplary embodiments such
as a portable terminal, it will be understood by those skilled in
the art that various changes in form and details may be made
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therein without departing from the spirit and scope of the
invention as defined by the appended claims. Meanwhile, the
terms used herein are only for describing embodiments of the
present invention and do not limit the present invention.

FIG. 2 is a diagram illustrating an interleaver index gener-
ating apparatus 200 according to an embodiment of the
present invention. Referring to FIG. 2, the interleaver index
generating apparatus 200 includes a main processor 210 and
eight index operators 220. Each of the index operators 220
includes a first storage apparatus 221, a second storage appa-
ratus 222, and a subsequent-index generator 223.

The interleaver index generating apparatus 200 according
to the embodiment of the present invention generates indexes
of' the interleaver for input data.

The indexes of the interleaver correspond to I1(i) satisfying
the an equation of TT(i)=(f,*i+f,*i*)modK, and f, and f,
derived from the input data and values of i according to an
order of bits are used in the above equation.

For example, parameters used in the above equation are as
defined in the below table.

TABLE 1
i Ki f1 f2
1 40 3 10
2 48 7 12
3 56 19 42
4 64 7 16
5 72 7 18
6 80 11 20
7 88 5 22
8 96 11 24
9 104 7 26
10 112 41 84
11 120 103 90
12 128 15 32
13 136 9 34
14 144 17 108
15 152 9 38
16 160 21 120
17 168 101 84
18 176 21 44
19 184 57 46
20 192 23 48
21 200 13 50
22 208 27 52
23 216 11 36
24 224 27 56
25 232 85 58
26 240 29 60
27 248 33 62
28 256 15 32
29 264 17 198
30 272 33 68
31 280 103 210
32 288 19 36
33 296 19 74
34 304 37 76
35 312 19 78
36 320 21 120
37 328 21 82
38 336 115 84
39 344 193 86
40 352 21 44
41 360 133 90
42 368 81 46
43 376 45 94
44 384 23 48
45 392 243 98
46 400 151 40
47 408 155 102
48 416 25 52
49 424 51 106
50 432 47 72
51 440 91 110
52 448 29 168
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TABLE 1-continued TABLE 1-continued

i Ki f1 2 i Ki f1 2

53 456 29 114 131 2496 181 468

54 464 247 58 5 132 2560 39 80

55 472 29 118 133 2624 27 164

56 480 89 180 134 2688 127 504

57 488 91 122 135 2752 143 172

58 496 157 62 136 2816 43 88

59 504 55 84 137 2880 29 300

60 512 31 64 10 138 2944 45 922

61 528 17 66 139 3008 157 188

62 544 35 68 140 3072 47 96

63 560 227 420 141 3136 13 28

64 576 65 96 142 3200 111 240

65 592 19 74 143 3264 443 204

66 608 37 76 15 144 3328 51 104

67 624 41 234 145 3392 51 212

68 640 39 80 146 3456 451 192

69 656 185 82 147 3520 257 220

70 672 43 252 148 3584 57 336

71 688 21 86 149 3648 313 228

72 704 155 44 150 3712 271 232

73 720 79 120 20 151 3776 179 236

74 736 139 922 152 3840 331 120

75 752 23 94 153 3904 363 244

76 768 217 48 154 3968 375 248

77 784 25 98 155 4032 127 168

78 800 17 80 156 4096 31 64

79 816 127 102 25 157 4160 33 130

80 832 25 52 158 4224 43 264

81 848 239 106 159 4288 33 134

82 864 17 48 160 4352 477 408

83 880 137 110 161 4416 35 138

84 896 215 112 162 4480 233 280

85 912 29 114 30 163 4544 357 142

86 928 15 58 164 4608 337 480

87 944 147 118 165 4672 37 146

88 960 29 60 166 4736 71 444

89 976 59 122 167 4800 71 120

90 992 65 124 168 4864 37 152

91 1008 55 84 15 169 4928 39 462

922 1024 31 64 170 4992 127 234

93 1056 17 66 171 5056 39 158

94 1088 171 204 172 5120 39 80

95 1120 67 140 173 5184 31 96

96 1152 35 72 174 5248 113 902

97 1184 19 74 175 5312 41 166

98 1216 39 76 40 176 5376 251 336

99 1248 19 78 177 5440 43 170
100 1280 199 240 178 5504 21 86
101 1312 21 82 179 5568 43 174
102 1344 211 252 180 5632 45 176
103 1376 21 86 181 5696 45 178
104 1408 43 88 45 182 5760 161 120
105 1440 149 60 183 5824 89 182
106 1472 45 922 184 5888 323 184
107 1504 49 846 185 5952 47 186
108 1536 71 48 186 6016 23 94
109 1568 13 28 187 6080 47 190
110 1600 17 80 50 188 6144 263 480
111 1632 25 102
112 1664 183 104
113 1696 55 954 That is, indexes generated from a first example in Table 1,
114 1728 127 96 in which is K,=40, f,=3, and £,=10, are sequentially 0, 13, 6,
Hé };gg ;; Hg 19,12,25,18,31,24,37,30,3,36,9, 2,15, 8,21, 14, 27, 20,
117 184 % 11z 55 33,26,39,32,5,38,11,4,17,10,23,16,29,22,35,28, 1,34,
118 1856 57 116 7.
119 1888 45 354 The main processor 210 calculates an index for a predeter-
120 1920 31 120 mined bit of input data.
g; }g;i 1;2 S?t According to an exemplary embodiment of the present
123 2016 113 420 60 invention, the main processor 210 calculates an index for a
124 2048 31 64 predetermined bit of input data by using the difference
125 2112 17 66 between index values.
126 2176 71 136 FIG. 3 is a diagram illustrating a modular circuit 300
127 2240 209 420 . . . .
128 2304 53 216 according to an embodiment of the present invention. Refer-
129 2368 167 444 65 ring to FIG. 3, the modular circuit 300 according to the
130 2432 265 456 embodiment of the present invention includes an adder 310

and a multiplexer 320.
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A modular operation corresponds to an operation for out-
putting a remainder generated by multiplying a dividend by a
divisor.

The adder 310 receives inputs of the dividend and the
divisor and adds the dividend and a sign inverted divisor. That
is, the adder 310 derives a value generated by subtracting the
divisor from the dividend.

The multiplexer 320 receives inputs of a result of the addi-
tion and the dividend. The multiplexer outputs the dividend
when the result of the addition is a negative number and
outputs the result of the addition when the result of the addi-
tion is a positive number.

According to another exemplary embodiment of the
present invention, the index for the predetermined bit is oper-
ated through the modular operation using the modular circuit
300 according to an embodiment of the present invention.

That is, although the main processor 210 does not provide
the index operator 220 with the index value for the predeter-
mined bit, the index for the predetermined bit may be oper-
ated through the modular circuit 300 according to the
embodiment of the present invention and then the operated
index may be provided to the index operator 220.

The modular circuit 300 according to the embodiment of
the present invention has an effect of replacing the multiplier
and the divider with the multiplexer and the adder, which are
less important resources in an aspect of the hardware imple-
mentation.

The modular operation has an effect of managing efficient
hardware resources through the replacement of the divider
with the adder and the multiplexer, which are circuit elements
having less importance in an aspect of the hardware imple-
mentation.

FIG. 5 is a diagram illustrating an interleaver index gener-
ating apparatus 500 according to another embodiment of the
present invention. Referring to FIG. 5, the interleaver index
generating apparatus 500 according to another embodiment
of the present invention includes three adders 511, 512, and
513, two multiplexers 521 and 522, two D-flip flops 531 and
532, and three modular operators 541, 542, and 543.

The interleaver index generating apparatus 500 according
to another embodiment of the present invention receives
inputs of (f, +f,)modK, (2*f,)modK, and K and sequentially
outputs II(i).

The interleaver index generating apparatus 500 according
to another embodiment of the present invention derives I1(I)
by using an equation of

TIG+1)-TIG)=(f, 5+ 2% f5*)modK.

For easier understanding, the above equation is organized
as follows.

[TG+D-]]@=tfi+ D+ prslit D2 = (fi i+ fop)Imodk
={fixi+ i+ faxh +2xfrxi+ fr—
(fixi+ fo#ip)imodK

=(fi+f2+ 2= fr*modK

That is, the difference between a current index value and a
subsequent index value is calculated by adding f;+f, and
double of the value of f, multiplied by i, so that I1(i) derived
by the interleaver index generating apparatus 500 according
to another embodiment of the present invention satisfies I1(1)
=(f, *i+£,**)modK.

The first adder 511 receives an input of (2*f,)modK and
outputs a result value of the addition of (2*f,)modK and an
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output value of the first modular operator 541. In an initial
performance, it is not possible to receive the output value of
the first modular operator 541 so the output value of the first
adder 511 is in an unknown state.

The first multiplexer 521 receives inputs of the output value
of'the first adder 511 and “0”, outputs “0” in generating a first
index by a control signal, and then outputs the output value of
the first adder 511 after that. The reason why “0” is generated
as the first index is that a first index of the interleaver should
be “0” and also a first output value of the first adder 511 is in
an unknown state.

The first D-flip flop 531 receives an input of the output
value of the first multiplexer 521 and temporarily stores the
output value of the first multiplexer 521 because a loop-back
is performed in which an output value of the first modular
operator 541 is used in the first adder 511.

Further, the first D-flip flop 531 enables the accumulation
of 2*f, according to an increase of i in T1(i+1)-I1(1)=(f, +f,+
2*f,*1) mod K to be performed using the loop-back.

The first modular operator 541 receives inputs of K and the
output value of the first D-flip flop 531 and performs the
modular operation described through FIG. 3.

The second adder 512 outputs a result of the addition of the
output value of the first modular operator 541 and (f,+f,)
modK.

The second modular operator 542 receives inputs of K and
the output value of the second adder 512 and performs the
modular operation described through FIG. 3.

The third adder 513 receives an input of the output value of
the second modular operator 542 and outputs a result of the
addition of the output value of the second modular operator
542 and the output value of the second D-flip flop 532. In an
initial performance, it is not possible to receive the output
value of the second D-flip flop 532 so the output value is in an
unknown state.

The third modular operator 543 receives inputs of K and
the output value of the third adder 513 and performs the
modular operation described through FIG. 3.

The second multiplexer 522 receives inputs of the output
value of the third modular operator 543 and “0”, outputs “0”
in generating a first index by a control signal, and then outputs
the output value of the third adder 543 after that. The reason
why “0”is generated as the first index is that a first index of the
interleaver should be “0” and also a first output value of the
third adder 543 is in an unknown state.

The second D-flip flop 532 receives an input of the output
value of the second multiplexer 522 and temporarily stores
the output value of the second multiplexer 522 because a
loop-back is performed in which the output value of the
second multiplexer 522 is used in the third adder 513.

Referring back to FIG. 3, it is preferable that the interleaver
index generating apparatus 500 may be used for deriving an
index value for a predetermined bit provided to the index
operator 220 from the main processor 210. That is, when the
main processor 210 does not provide the index operator 220
with the index value for the predetermined bit, the index for
the predetermined bit is operated using the interleaver index
generating apparatus 500 and then the operated index may be
provided to the index operator 220.

According to another exemplary embodiment of the
present invention, the main processor 210 calculates (128*f,)
modK and indexes for i? to i+15” bits (here, i is an integer
equal to or larger than 0) of input data and transfers them to
the index operator 220. The main processor 210 transfers K,
(128*f,)modK, and index values for i+j” and (i+j)+8 bits
(here, 0<j<7) of input data to each of the eight index operators
220.
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The index operator 220 calculates indexes for bits after bits
calculated by the main processor 210 in parallel by using the
values transferred from the main processor 210 and derives a
plurality of indexes.

According to another exemplary embodiment of the
present invention, the index operator 220 receives index val-
ues fori+j” and (i+j)+87 bits (here, O<j<7) of input data from
the main processor 210 and calculates an index for an (i+j)+
16 bit by using the difference between the indexes.

In FIG. 2, the index value for the i+j” bit of the input data
is represented as I1(i,), the index value for the (i+j)+8” bit of
the input data is represented as II(i, ). After that, i is repre-
sented as 1, in which i is increased by 8. That is, i,,, , is equal
toi,+8andi,,,,is equaltoi, +16.

According to another exemplary embodiment of the
present invention, the index operator 220 receives (128*f,)
modK and index values for i+ and (i+j)+8” bits (here,
0<j<7) of input data from the main processor 220 and calcu-
lates an index for an (i+j)+16” bit by using an equation of

TI(G+7+16)=(2*T1(i+j+8)-TI(i-+7)+128%/;)modK.

The index of the interleaver has the following characteris-
tics.

1. All Ki is a multiple of eight.

2. A first index is always “0”.

3. A remainder generated by dividing a generated index by
eight has a form of being repeated every eight times.

4. When first eight indexes and second eight indexes have
been generated, all indexes from third eight indexes may be
generated in the unit of eights.

Accordingly, the index of the interleaver satisfies the fol-
lowing equation.

TI(+7+16)=(2* I1(i+j+8)-TI(i+7)+128%f;)mod K

For easier understanding, the above equation is organized
as follows.

]_[ (i+8)={fi «(i+8) + f» (i + 8)%}modK
={fi*i+8xfi+ foxir + 16 frxi+ 64 % frimodK

The above equation is organized as follows after adding
1I(1) to and then subtracting II(i) from the above equation.

[1G+8 =tfisi+8ufi+fouid+16% frxi+64xf+
(fi#i+ foxi®) = fi =i+ fo#)modK
={fixi+ fivi+ ool + ool + 85 fi +16% frxi+
64% fo — (fi i+ fo #i%)modK
=Ru(fixi+ freid)=(firi—8xfi) -
(foi2 = 16% f, xi— 64 fo}modK

The above equation is organized as follows after adding
128*{, to and then subtracting 128*f, from the above equa-
tion.

1_[ (+8)={2u(fixi+ frxit)+128x fo— 1285 fo — (fixi—8x fi) —
(fox2 = 16% f, xi— 64 fo}modK

=Q2s(fi i+ foxif) = (fxi=8xf1)—
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-continued
(i —16% fr%i+64%fp) + 128 % frimodK

=2x(fixi+ forui)— fix(i—8) = frx(i— 8 + 128 fr}modK

={2*]_[ (i)—]_[ (i—8)+ 128+ f3)modK

It is preferable that the index generator 220 includes the
first storage apparatus 221, the second storage apparatus 222,
and the subsequent-index generator 223. The index generator
220 receives I1(i,), I1(i;), (128%f,)modK, and K from the
main processor 210, calculates indexes after II(iy), and
enables outputs to be sequentially output from II(i,).

The first storage apparatus 221 receives 1I(i,) from the
main processor 210 and stores the received I1(i,) at first. After
that, the first storage apparatus 221 sequentially receives
11(,,, ;) stored in the second storage apparatus 222 and stores
the received 11(i,,, ;). Further, the first storage apparatus 221
transfers stored values to the subsequent-index generator 223.
And then the first storage apparatus 221 sequentially outputs
stored values as output values of the index operator 220.

For example, the first storage apparatus 221 stores and
outputs first I1(i,), the second storage apparatus 222 receives
the first stored I1(i, ) and then stores and outputs the received
1I(i,), and then the second storage apparatus 222 receives
11(i,) output through I1(i,) and II(i, ) by the subsequent-index
generator 223 and then stores and outputs the received II(i,).
That is, the first storage apparatus 221 sequentially stores
values from 1I(i,) to 11(i,,), transfers them to the subsequent-
index generator 223, and outputs them as output values of the
index operator 220.

The second storage apparatus 222 receives II(i,) from the
main processor 210 and stores the received 11(i,). After that,
the second storage apparatus 222 receives 11(i,,, ,), which is
an output value of the subsequent-index generator 223, and
stores the received 11(i,,, »). Further, the second storage appa-
ratus 222 transfers stored values to the subsequent-index gen-
erator 223 and the first storage apparatus 221. That is, the
second storage apparatus 222 sequentially stores values from
11G,) to 11(,,, ;) and transfers them to the subsequent-index
generator 223 and the first storage apparatus 221.

The subsequent-index generator 223 calculates I1(i,,, ,) by
using K, II(i,,) and II(i,,, ;) received from the first storage
apparatus 221 and the second storage apparatus 223, and
(128*f,)modK received from the main processor 210. It is
preferable that the subsequent-index generator 223 calculates
11G,,,,) by wusing the following equation II(i,,,,)=
(2*11G,,, )-11G,,)+128%f,)modK. Further, the subsequent-
index generator 223 transfers the calculated 11(i,,,,) to the
second storage apparatus 222.

It is preferable that there are eight index operators 220 and
the eight index operators receive (I1(0), I1(8)), (IT(1), I1(9)),
d1(2), 11(10)), (I1(3), I1(11)), (T1(4), TI(12)), (I1(5), T1(13)),
{11(6), I1(14)), (II(7), II(15)) to output II(n*8), II(n*8+1),
II(n*8+2), II(n*8+3), II(n*8+4), II(n*8+5), II(n*8+6),
II(n*8+7), respectively (n is an integer equal to or larger than
2 and equal to or smaller than (K/8-1)).

FIG. 4 is a diagram illustrating a modular circuit 400
according to another embodiment of the present invention.
Referring to FIG. 4, the modular circuit 400 according to
another embodiment of the present invention includes a first
adder 410, a second adder 420, and a multiplexer 430 and
receives a first input, a second input, and a divisor K.

The first adder 410 adds the first input and a sign inverted
second input and outputs the added value. That is, the first
adder 410 subtracts the second input from the first input.
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The second adder 420 adds the output value of the first
adder 410 and the divisor K and outputs the added value.

The multiplexer 430 receives inputs of the output value of
the first adder 410 and the output value of the second adder
420. The multiplexer outputs the output value of the first
adder 410 when the output value of the first adder 410 is a
positive number and outputs the output value of the second
adder 420 when the output value of the first adder 410 is a
negative number.

FIG. 6 is a diagram illustrating a subsequent-index genera-
tor according to an embodiment of the present invention.
Referring to FIG. 6, the subsequent-index generator 600
according to the embodiment of the present invention
includes two modular operators 610 and 620 described
through FIG. 3, one modular operator 630 described through
FIG. 4, and one adder 640. The subsequent-index generator
600 receives inputs of (128*f,)modK, 2*I1(i,,), K, and
11G,,, ;) and outputs 11(i,,, ).

It is preferable that 2*11(i,,) received by the subsequent-
index generator 600 according to the embodiment of the
present invention may be operated by applying a bit shift
through a reception of 11(i,,) without the use of multiplier.

The first modular operator 610 receives inputs of 2*11(i,,)
and K, and performs the modular operation described in FIG.
3.

The second modular operator 630 receives inputs of the
output value of the first modular operator 610, 11(i,,, , ), and K,
and performs the modular operation described in FIG. 4.

The adder 640 adds the output value of the second modular
operator 630 and (128*f,)modK and outputs the added value.

The third modular operator 620 receives inputs of the out-
put value of the adder 640 and K, and performs the modular
operation described in FIG. 3.

The output value of the third modular operator 620 corre-
sponds to the output value of the subsequent-index generator
600, which is 11(1,,,, ).

It is preferable that the aforementioned multiplexer can
determine whether an input value is a negative number or a
positive number by using a most significant bit value.

FIG. 7 is a flowchart illustrating an interleaver index gen-
erating method according to an embodiment of the present
invention. Referring to FIG. 7, the interleaver index generat-
ing method according to the embodiment of the present
invention includes calculating K, |, and f, from input data in
step S710, calculating values of indexes from I1(i) to II(i+15)
for i” to i+15™ bits, which are predetermined bits of the input
data, by using the K, f,, and f, calculated in step S710 in step
8720, and calculating in parallel values from II(i+16) by
using the values from I1(i) to II(i+15) calculated in step S720
and differences between the index values in step S730.

In step S710, the index generating apparatus calculates K,
f,, and f, from input data.

In step S720, the index generating apparatus calculates
indexes for predetermined bits of the input data by using K, ),
and f, calculated in step S710.

According to an exemplary embodiment of the present
invention, the index generating apparatus calculates differ-
ences between index values for bits by using the following
equation I1(1+1)-T1(G)=(f; +f,+2*f,*1)modK, and calculates
indexes for bits from an i+1” bit by using the calculated
differences in step S720.

According to an exemplary embodiment of the present
invention, the modular operation is performed using an addi-
tion and the multiplexer. The addition refers to an addition of
the dividend and the sign inverted divisor of the modular
operation, and the multiplexer receives inputs of a result of
the addition and the dividend. The multiplexer outputs the
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dividend when the result of the addition is a negative number
and outputs the result of the addition when the result of the
addition is a positive number.

According to another exemplary embodiment of the
present invention, the index generating apparatus calculates
indexes for i” to i+15™ bits (here, i is an integer equal to or
larger than 0) of input data and (128*f,)modK in step S720.

In step S730, the index generating apparatus calculates in
parallel indexes for bits after the bit calculated using the index
values calculated in step S720.

According to an exemplary embodiment of the present
invention, the index generating apparatus calculates indexes
for bits from an i+16™ bit by using the following equation

TI(+j+16)=(2*T1(i+j+8)-TI(i+7)+128%f;)mod K

(here, 0<j<7) in step S730.

According to another exemplary embodiment of the
present invention, the index generating apparatus receives a
first input, a second input, and an input of the divisor K, and
uses the modular operation performed using a first addition, a
second addition, and the multiplexer in step S730. Each ofthe
operations used in the modular operation is as follows.

The first addition refers to an addition of the first input and
a sign inverted second input, and the second addition refers to
an addition of a result of the first addition and the divisor K.
The multiplexer receives inputs of the result of the first addi-
tion and a result of the second addition.

While the detailed description of the present invention has
described certain exemplary embodiments such as a portable
terminal, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the appended claims.

REFERENCE NUMERALS

200: Interleaver Index Generating Apparatus

210: Main Processor 220: Index Operator

221: First Storage Apparatus 222: Second Storage Appa-
ratus

223: Subsequent-Index Generator

The invention claimed is:

1. An apparatus for generating indexes of an interleaver for
input data, the apparatus comprising:

a main processor for calculating an index for a predeter-

mined bit of the input data; and

an index operator for receiving the index calculated by the

main processor, calculating in parallel indexes for bits
after the predetermined bit, and deriving a plurality of
indexes,

wherein the main processor calculates the index for i to

(i+15)" bits of the input data where i is an integer equal
to or larger than 0, and transfers a result of (128*f,)
modK to the index operator, and

wherein the index operator calculates an index for an (i+j+

16)” bit where j is an integer which satisfies O<j<7 by
using an equation of TI(i+j+16)=(2*I1(i+j+8)-II(i+j)+
128%*f,)modK where K is a size of the input data and £,
is a coefficient calculated from K.

2. The apparatus as claimed in claim 1, wherein a modular
operation of the equation is performed using an adder and a
multiplexer.

3. The apparatus as claimed in claim 2, wherein the adder
performs an addition of a dividend of the modular operation
and a sign inverted divisor of the modular operation, and the
multiplexer receives the dividend and a result of the addition,
wherein the multiplexer outputs the dividend when the result
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of'the addition is a negative number and outputs the result of
the addition when the result of the addition is a positive
number.

4. The apparatus as claimed in claim 1, wherein a modular
operation of the equation is performed using a first adder, a
second adder, and a multiplexer through receptions of a first
input, a second input, and a divisor equal to K where K is the
size of the input data.

5. The apparatus as claimed in claim 4, wherein the first
adder adds the first input and a sign inverted second input, the
second adder adds a result of the first adder and a divisor equal
to K where K is the size of the input data, and the multiplexer
receives inputs of the result of the first adder and a result of the
second adder and outputs the result of the second adder when
the result of the first adder is a negative number and outputs
the result of the first adder when the result of the first adder is
a positive number.

6. A method of generating indexes of an interleaver for
input data, the method comprising:

performing a first step by calculating an index for a prede-

termined bit of the input data; and

performing a second step by calculating indexes for bits

after the predetermined bit in parallel by using the index
calculated in the first step,

wherein, in the first step, the index is calculated for ith to

(i+15)” bits of the input data where i is an integer equal
to or larger than 0, and a result of (128*f,)modK is
obtained, and

wherein, in the second step, the index is calculated for an

(i+j+16)th bit where j is an integer which satisfies O<j<7
by using an equation of:
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TI(+j+16)=2*T1(i+j+8)-I1(i+))+128),f,)modK where K

is a size of the input data and £, is a coefficient calculated
from K.
7. The method as claimed in claim 6, wherein a modular
operation of the equation is performed using an adder and a
multiplexer,
wherein the adder adds a dividend and a sign inverted
divisor of the modular operation, and the multiplexer
receives inputs of the dividend and a result of the adder,

wherein the multiplexer outputs the dividend when the
result of the adder is a negative number and outputs the
result of the adder when the result of the adder is a
positive number.

8. The method as claimed in claim 6, wherein a modular
operation of the equation is performed using a first adder, a
second adder, and a multiplexer through receptions of a first
input, a second input, and a divisor equal to K where K is the
size of the input data,

wherein the first adder performs a first addition which is an

addition of the first input and a sign inverted second
input, the second adder performs a second addition
which is an addition of a result of the first addition and K,
and the multiplexer receives inputs of the result of the
first addition and a result of the second addition and
outputs the result of the second adder addition when the
result of the first adder addition is a negative number and
outputs the result of the first addition when the result of
the first addition is a positive number.
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